We want to illustrate the difficulty of establishing a brain death diagnosis in newborn children and how an easy and useful tool, the transcranial Doppler ultrasonography, can leave an unexpected result that complicates the process despite the rest of the diagnostic tests. We describe a 36-week gestation newborn male who was diagnosed of brain death after asphyxiated and offered for donation. After initial stabilization at admission, we established brain death diagnosis by checking and meeting every criterion. The donation process was complicated because of persistent blood flow on transcranial Doppler ultrasonography. Transcranial Doppler ultrasonography is a very useful method to assess cerebral blood flow. However, caution and individualization are needed when interpreting this complementary exam, especially in highly conflictive situations like brain death diagnosis.
Introduction
Brain death is defined as the irreversible cessation of hemispherical and brain stem functions. Diagnosis of this condition is sometimes problematic due to clinical and technical factors as long as its immediate implications given that brain death has been recognized by scientific community and for legal requirements as an equivalent to the death of the individual. 1, 2 Brain death diagnosis criteria in newborns are not well defined, in part because of the greater complexity of neurological exam in these patients. For a correct diagnosis, neurological exams should be performed by an experienced physician and supported by a variety of complementary exams. In this line, transcranial Doppler ultrasonography (TCD) has gained acceptance as a valid method to detect signs of cerebral blood flow arrest and eventually confirm brain death diagnosis. 3 Case A 36-week gestation male was delivered by emergent cesarean because of uterine rupture. At delivery room, he was apneic, hypotonic, unresponsive and with no pulse or heart sound on auscultation. Advanced cardiopulmonary resuscitation was performed. He regained spontaneous circulation at minute four. Apgar test was 0/4/4.
At admission, venous blood gases showed severe mixed acidosis (pH 6.68, pCO 2 85.1 mm Hg, HCO 3 9.8 mmol l À1 , lactate 160 mg dl À1 ), which was corrected by bicarbonate infusion (1 mEq kg À1 ) and optimization of conventional mechanical ventilation. From that moment on, oxygenation and ventilation were normal but no spontaneous breath was noted. He was hypotensive, responding to fluid resuscitation (10 ml kg À1 ) and inotropic support (dopamine 7 mcg kg À1 per minute). After initial stabilization, mean arterial pressure was maintained, echocardiography showed preserved heart function and the patient presented spontaneous diuresis at a normal rate for body weight in the first day of life. The patient received fresh frozen plasma and vitamin K for prolonged coagulation test although no external active bleeding was present. Initially, elevated liver enzymes, creatin kinase-MB and troponine returned to normal values by 36 h. Passive cooling protocol was initiated after initial resuscitation with core body temperature targeted at 35 1C and suspended at 12 h. The first neurological exam showed absent archaic as well as oculovestibular, oculocephalic, corneal, cough and nausea reflexes with no spontaneous or induced motor activity, marked hypotonia and medium sized unresponsive pupils. Atropine and apnea tests were negative. The same findings repeated at 48, 72 and 96 h. Integrated amplitude electroencephalogram was continuously monitored showing a silent background activity pattern. Cerebral ultrasound showed thalamic, basal ganglia and peduncular hemorrhages. TCD at 2 h of life showed bilateral low peak systolic velocities with reduced resistance indexes suggestive of acute fetal distress. At second, third and fourth days of life, there was a progressive slowing of peak systolic velocities and gradual increment of resistance indexes. Diastolic cerebral blood flow in both mean cerebral arteries could be demonstrated in every moment.
The patient met brain death diagnosis criteria at 48 h of life after two consecutive electroencephalograms with absent bioelectrical activity and compatible neurological exams separated by a period of 48 h. The National Organization of Transplants program was activated and the patient offered for donation but a suitable receptor could not be found. Twenty-four hours later (at third day of life), the patient was offered for donation in the European continent but it was rejected because of persistent blood flow on TCD despite a third silent electroencephalogram. At day 4 of life, a fourth electroencephalogram and neurological exam were performed being again concordant with brain death diagnosis. In that moment, diastolic blood flow persisted in mean cerebral arteries by TCD (Resistance Index ¼ 0.84; Figure 1 ). The patient was accepted as donor but no receptor was available.
Discussion
Brain death diagnosis is troublesome despite well-established criteria. 1 For a brain death diagnosis to be correctly established, a careful neurological examination by an experienced physician is mandatory. 4 The criteria in the different European countries follow a guide 5 that includes: medical history, coma or apnea, absence of brain cell activity (absent spontaneous breathing and brain stem reflexes), hypotension or hypothermia, hypotonia and absence of spontaneous or induced movements.
In infants and newborns, cerebral immaturity and problems inherent to medical management of the critically ill child may turn neurological exam and brain death diagnosis challenging. 6 Apnea and atropine test as well as other complementary exams support clinical examination. Cerebral circulatory arrest, which results in brain death situations, occurs when intracranial pressure becomes greater than patient's blood pressure. In this situation, cerebral perfusion pressure falls with the subsequent reduction of arterial blood flow. Four TCD stages are described in cerebral circulatory arrest. 7, 8 First, progressive reduction in diastolic velocities with preserved peak systolic velocities. Second, absent of diastolic flow signal when intracranial pressure is equal to diastolic blood pressure. Third, retrograde diastolic blood flow (also called reverberant flow) when intracranial pressure becomes higher than diastolic blood pressure. This pattern is already consistent with brain death. Finally, in the fourth stage, when intracranial pressure reaches a value near to systolic blood pressure a pattern of minimal anterograde blood flow called 'systolic spikes' confirms brain death diagnosis. In this last stage totally absent blood flow Doppler signal is also possible although this situation raise concerns about technical pitfalls and requires additional confirmation by other techniques. 9 There are several reports in the adult literature regarding patients with a consistent diagnosis of brain death, in whom cerebral circulatory arrest could not be established because of persistent cerebral blood flow in TCD. Some examples include the presence of an external ventricular shunt or decompressive craniectomy. 10, 11 The unique anatomy of the newborn skull with patent fontanels can reproduce the same conditions, in which the finding of detectable blood flow by TCD results in a false negative test. 12 Although multiple studies have shown that TCD is a suitable method for diagnosis of brain death, 3, [7] [8] [9] [10] [11] none recommended it as a diagnostic criterion. At the moment is to be used as a complementary technique but not defining, because of the lack of studies in newborn and the real possibility of false positives. Persistent cerebral blood flow in brain death newborn D Mata-Zubillaga and I Oulego-Erroz
